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ÏÐÈÌÅÍÅÍÈÅ ÌÅÒÎÄÀ ÔÀÇÎÂÛÕ ÔÓÍÊÖÈÉ ÄËß ÐÀÑ×ÅÒÀ ÕÀÐÀÊÒÅÐÈÑÒÈÊ 
ÑÂÅÒÎÐÀÑÑÅßÍÈß ÏÎÃËÎÙÀÞÙÈÕ ×ÀÑÒÈÖ 
 
 

Ïðåäëîæåíà ìåòîäèêà ðàñ÷åòà õàðàêòåðèñòèê ñâåòîðàññåÿíèÿ ðàäèàëüíî-íåîäíîðîäíûõ ñôåðè÷åñêèõ ïî-
ãëîùàþùèõ ÷àñòèö, çàêëþ÷àþùàÿñÿ â ðåøåíèè óðàâíåíèé ìåòîäà ôàçîâûõ ôóíêöèé äëÿ êîìïëåêñíûõ çíà÷å-
íèé ôàç. 

 
 

Èçó÷åíèå ñâåòîðàññåèâàþùèõ ñâîéñòâ ìàëûõ ñôåðè÷åñêèõ ÷àñòèö ÿâëÿåòñÿ îäíîé èç àêòóàëüíûõ 
çàäà÷ ñîâðåìåííîé îïòèêè [1—3]. Îñîáûé èíòåðåñ ïðåäñòàâëÿåò ðàñ÷åò õàðàêòåðèñòèê ñâåòîðàññåÿíèÿ 
ïîãëîùàþùèõ ðàäèàëüíî-íåîäíîðîäíûõ ÷àñòèö [1]. Ýòà çàäà÷à ðàçðåøèìà àíàëèòè÷åñêè ëèøü â íåêî-
òîðûõ ÷àñòíûõ ñëó÷àÿõ, à íàäåæíûõ ÷èñëåííûõ ìåòîäîâ äëÿ åå ðåøåíèÿ ïðè ïðîèçâîëüíîé ðàäèàëü-
íîé çàâèñèìîñòè ïîêàçàòåëÿ ïðåëîìëåíèÿ äî ñèõ ïîð ðàçðàáîòàíî íå áûëî [1, 3]. Â ñòàòüå ïðåäëàãàåò-
ñÿ ïðîñòîé è ýôôåêòèâíûé ìåòîä ðàñ÷åòà õàðàêòåðèñòèê ñâåòîðàññåÿíèÿ ñôåðè÷åñêèìè ïîãëîùàþùè-
ìè ðàäèàëüíî-íåîäíîðîäíûìè ÷àñòèöàìè, èñïîëüçîâàíèå êîòîðîãî ïîçâîëèò èçó÷èòü îáùèå çàêîíî-
ìåðíîñòè âçàèìîäåéñòâèÿ ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ ñî ñôåðè÷åñêèìè ÷àñòèöàìè, èçó÷èòü óñëîâèÿ 
èõ ðåçîíàíñíîãî âçàèìîäåéñòâèÿ è îáúÿñíèòü ýêñïåðèìåíòàëüíî íàáëþäàåìûå ýôôåêòû, êîòîðûå íå 
íàõîäÿò îáúÿñíåíèÿ â ðàìêàõ òåîðèè Ìè. Ýòîò ìåòîä ðàçâèâàåò èäåè [4] èñïîëüçîâàíèÿ ôàçîâûõ ôóíê-
öèé äëÿ ïîíèæåíèÿ ïîðÿäêà óðàâíåíèé, âîçíèêàþùèõ â îïòèêå íåîäíîðîäíûõ ñôåðè÷åñêèõ ÷àñòèö. 

Áóäåì ðàññìàòðèâàòü íåìàãíèòíûå ñôåðè÷åñêèå ÷àñòèöû ñ ðàäèàëüíîé çàâèñèìîñòüþ êîìïëåêñíî-
ãî ïîêàçàòåëÿ ïðåëîìëåíèÿ m(r). Áóäåì ñ÷èòàòü, ÷òî m(r) — íåïðåðûâíàÿ äèôôåðåíöèðóåìàÿ ôóíê-
öèÿ. Îáîçíà÷èì à — ðàäèóñ ÷àñòèöû, ê — âîëíîâîå ÷èñëî ïàäàþùåãî èçëó÷åíèÿ, õ = êà — ïàðàìåòð 
äèôðàêöèè ÷àñòèöû. Äèôôåðåíöèàëüíûå óðàâíåíèÿ îïòèêè ðàäèàëüíî-íåîäíîðîäíûõ ÷àñòèö (ñì. [1] 
ôîðìóëû (5.1.5) è (5.1.6)) óäàåòñÿ ñâåñòè ê óðàâíåíèÿì ïåðâîãî ïîðÿäêà, åñëè ââåñòè êîìïëåêñíûå 
ôàçîâûå ôóíêöèè w
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1 è 1 — ôóíêöèè Ðèêêàòè—Áåññåëÿ; 1 — ôóíêöèÿ Ðèêêàòè—Ãàíêåëÿ ïåðâîãî ðîäà;  = êr, r — òå-
êóùàÿ êîîðäèíàòà. 

Êîýôôèöèåíòû ðàññåÿííîãî ïîëÿ [I, 2] â âûðàæåíèè ÷åðåç ôàçîâûå ôóíêöèè èìåþò âèä 
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Ðåøåíèå óðàâíåíèÿ (1) ñ ãðàíè÷íûìè óñëîâèÿìè (2), ïîäñòàâëåííîå â (3), îáåñïå÷èâàåò ðåøåíèå 
çàäà÷è ñâåòîðàññåÿíèÿ ÷àñòèöåé, õàðàêòåðèçóþùåéñÿ ñëîæíîé ðàäèàëüíîé çàâèñèìîñòüþ êîìïëåêñíî-
ãî ïîêàçàòåëÿ ïðåëîìëåíèÿ. 

Áûëè ïðîèçâåäåíû ðàñ÷åòû îïòè÷åñêèõ õàðàêòåðèñòèê æåëåçíûõ ñôåð ñ ïîêàçàòåëåì ïðåëîìëå-
íèÿ n(r) = 1,27+i1,37 íà äëèíå âîëíû  = 4200 Å [3]. Íà ðèñóíêå èçîáðàæåíû çàâèñèìîñòè îò ïàðà-
ìåòðà äèôðàêöèè õ ôàêòîðîâ ýôôåêòèâíîñòè ýêñòèíêöèè Qýêñ è ðàññåÿíèÿ Qp, ïîëó÷åííûå ìåòîäîì 
ôàçîâûõ ôóíêöèé è ñîãëàñíî äàííûì ðàáîòû [3]. Ñîâïàäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ ïîêàçûâàåò 
õîðîøóþ òî÷íîñòü ìåòîäà ôàçîâûõ ôóíêöèé äëÿ ïîãëîùàþùèõ ÷àñòèö. 

Òàêèì îáðàçîì, ðàçðàáîòàí àëãîðèòì, ïîçâîëÿþùèé çà ñ÷åò ââåäåíèÿ êîìïëåêñíûõ ôàçîâûõ 
ôóíêöèé ïîíèæàòü ïîðÿäîê óðàâíåíèé, âîçíèêàþùèõ â îïòèêå ðàäèàëüíî-íåîäíîðîäíûõ ÷àñòèö, ñâî-
äÿ çàäà÷ó íàõîæäåíèÿ îïòè÷åñêèõ õàðàêòåðèñòèê òàêèõ ÷àñòèö ê ðåøåíèþ äèôôåðåíöèàëüíûõ óðàâ-
íåíèé ïåðâîãî ïîðÿäêà (1) ñ íà÷àëüíûìè óñëîâèÿìè (2). Ïðåäëàãàåìûé ìåòîä äàåò âîçìîæíîñòü áû-
ñòðî è òî÷íî ðàññ÷èòûâàòü îïòè÷åñêèå õàðàêòåðèñòèêè ñôåðè÷åñêèõ ÷àñòèö ñ äîñòàòî÷íî îáùèì âèäîì 
ðàäèàëüíîé çàâèñèìîñòè êîìïëåêñíîãî ïîêàçàòåëÿ ïðåëîìëåíèÿ. Ýòî ïîçâîëÿåò ýôôåêòèâíî èñïîëüçî-
âàòü äàííûé ìåòîä ïðè ðåøåíèè ïðàêòè÷åñêèõ çàäà÷ è îòêðûâàåò øèðîêèå ïåðñïåêòèâû äàëüíåéøåãî 
ðàçâèòèÿ îïòèêè ìàëûõ ÷àñòèö. 
 

 
 

Çàâèñèìîñòè îò ïàðàìåòðà äèôðàêöèè õ ôàêòîðîâ ýôôåêòèâíîñòåé ýêñòèíêöèè Qýêñ: êðåñòèêè — ïî 
äàííûì [31, êðèâàÿ 1 — ñîãëàñíî (1), è ðàññåÿíèÿ Qp: òî÷êè — ïî [3], êðèâàÿ 2 — ñîãëàñíî (1) 
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N . N .  B e l o v  S . Î .  S u s l o v . The Use of Phase Function Technique to Calculate Light Scattering 
Characteristics of Absorbing Particles. 
 

A technique for calculating light scattering characteristics of radially nonuniform spherical absorbing particles is 
proposed. The technique is based on solving equations within the frameworks of the phase functions methods for com-
plex phases. 


